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ABSTRACT Q£ THE p f .SCLOSORE 

A liquid crystal display device and a method of 
^ufacturing the same are provided, which do not grve 
rise to color unevenness and exhibits improved 
reliability. A Pair of first and second transparent 
substrates have first and second transparent conducive 
mms formed on respective opposed surfaces thereof, wrth 
liquid crystal sandwiched between the first and second 
transparent substrates, a seal encapsulates the Irqurd 
crystal in an airtight manner, and includes a conducing 
potion disposed so as to electrically ^™~' ^ 
first and second transparent conductive frlms. J^- 
and second transparent conductive films have metal thrn 
films deposited on respective predetermined surface 
portions thereof including the conducting 

Living circuit is connected to the metal thru frlms, for 
carrying out liquid crystal display control. K pluralrty 
ot spacer members are mixed and generally evenly 
dispersed in the seal, . for controlling the thrcxness of 
the seal, which comprises first spacer members mrxed rn 
the conducting portion, and second spacer members mrxed 
in portions of the seal other than the conducing 
portion. The first spacer members have a particle 
diameter smaller than that of the second spacer members 
by a predetermined value X. 
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TITLE OF T»*- INVENTION 

LIQUID CRYSTAL DISPLAY DEVICE 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE, TKTVENTION 

Field of the Invention 

The preset invention relies to a liquid crystal 
display device and a method of manufacturing the same 
^ more particularly to-all**- «.«! display device 

for use in miniature portable apparatuses such as a 

cellular phone and an electronic notebook, and a method 

of manufacturing the same. 

Prior Art 

' in recent years, with rapid development of 
information communication technology, liquid crystal 
display devices have acquired an increasing importance, 
^t least in the field of miniature portable apparatuses 
such as a cellular phone and an electronic noteboo^ 
A liquid crystal display device of this kind is 
comprised of a liquid crystal cell « °™ed by 
encapsulating liquid crystal in an airtight manner 
between two glass substrates (first and second glass 
Urates, . and a driving circuit (hereinafter referred 
to as -driving IC") arranged on the periphery of the 
liquid crystal cell, for driving and controlling the 
liquid crystal cell, the liquid crystal cell and the 
driving IC together composing a single module _ _ 

Conventionally, in the manufacture of a miniature 
module, a so-called -multi-cell bonding" method has been 
^ployed in which a multiplicity of liquid crystal cells 
J formed on a large-sized glass substrate in a single 
continuous process by carrying out a multi-cell bonding. 

- • t^c are directly mounted onto a 

Subsequently, driving ICs are ait^(. * 



liguid crystal panel by means of a so-called COG (Ship on 
gl^s, mounting method. This manufacturing method allows 
I multiplicity of liquid crystal cells to be obtained in 
a Tingle process by means of multi-cell bonding leading 
to a substantial improvement of productivity, which in 
turn, is combined with the adoption of the COG mounting 
method to reduce the number of manuf acturmg steps, and 
Illow the manufacture of miniature modules at low costs. 

Fig 16 is a top Plan view schematically showing 
essential parts of a conventional ^f^™ 
device of this kind. Specifically, the liquid crystal 

device includes a seal 52 in the form of a frame 
having a liquid crystal / inj ection port 51 and sandwiched 
ZZ» a lower first glass substrate 53 and anupper 
second glass substrate 54. both transparent . The 
Section port 51. upon injection of liquid crytalSS 
therethrough into the interior of the seal, is sealed 
Sth a sealant such as an ultraviolet ray-setting resin 
hereinafter referred to as -UV-setting .~»"> ~ 
like, thereby hermetically encapsulating the liquid 
crystal 55 with the seal 52 in an airtight manner, 
vertical conducting portion 56 is provided in the 
vicinity of a comer of the seal 52 , for conductive 
connection between respective transparent conductive 
fi^s formed on the surfaces of the first and second 
glass substrates. The seal 52 is formed by screen- 
Printing in a frame pattern a sealant which contains 
epoxy resin as a primary constituent. 

Fig 17 is a sectional view showing details of the 
seal 52.' AS shown in the figure, the seal 52 contains a 
multiplicity of spacers 58 and conductive P-ticles 59 
mixed and generally evenly dispersed therein. The 

I v =„f the seal 52 is controlled by the spacers 58 
thickness of trie seax 3* 

and the conductive connection between the transparent 
conductive films formed on the surfaces of the first and 



second glass substrates 53, 54 is ensured by means of 
anisotropic conduction obtained; with the conductive 
particles 59. Although the conductive particles 59 has 
only to be mixed into the vertical conducting portion 56 
alone in order to secure conductive connection between 
the transparent conductive films, they are generally 
mixed in the seal 52 uniformly over the entire region 
thereof in view of production efficiency - 

in the modem information society, increasingly 
refined display patterns on the liquid crystal display 
are demanded so as to be able to display as much 
information as possible. To this end, connection wiring 
57 connected to the driving IC (see Fig. 16) needs to be 
formed with a narrow line width, especially in the 
vicinity of the driving IC, where the connection wiring .. 
57 needs to be formed extremely fine with a line width 
not exceeding 100 ^m. _ 

However, when the connection wiring 57 is formed 
. extremely fine, the wiring resistance becomes so high 
that if the connection wiring 57 is composed solely or 
the transparent conductive film, a voltage drop in the 
connection wiring would become so large as to interfere 
with the normal operation of the liquid crystal di splay. 

Therefore, it has been a conventional practice to 
deposit a metal thin film which has small wiring 
resistance and hence excellent conductivity on the 
transparent conductive film such that the connection 
wiring 57 has a two-layered structure composed of a 
transparent conductive film and a metal thin film. 

As described above, the first and second glass 
substrates 53, 54 have the transparent conductive film 
specifically an indium tin oxide (hereinafter referred to 
as -ITO-) film, formed on respective surfaces thereof, 
transparent insulating film is further laminated on the 
surface of the ITO film at a portion corresponding to the 



4 



liguid crystal display portion. Conventionally, this 
transparent insulating film is used as a mas* to perform 
electroless nickel (Ni) - phosphorus (P) alloy pUM 
and electrons gold (Au) plating on the surface of the 
transparent conductive film, thereby forming a metaV thxn 
film on a specified portion of the ITO film. Desired 
extremely fine connection wiring 57 can be obtained in 
this way while preventing the metal thin film from 
adhering to the liquid crystal display portion. 

in the electroless plating, a Ni-P alloy 
precipitates selectively on the portion where the ITO 
£ ilm is formed, and then Au precipitates by substitution 
reaction with P on the Ni-P alloy as well as by an 
autocatalytic reaction of Au ion. Thus, desired 
extremely fine connection wiring 57 can be obtained 
without the plated film adhering to the liquid crystal 
display portion. In this way, a metal precipitates 
selectively on the ITO film as a transparent conductive 
film, depositing a metal thin film on the ITO film. 
Since a metal film is not formed on those portions where^ 
the ITO film is not formed, connection wiring 57 composed 
of a metal thin film can be formed at the desired portion 

a *r,r nafterning to form the metal thin film, 
without need for patterning er o av 

However, in the conventional liquid crystal display 
device, as described above, electroless plating is 
performed using the transparent insulating film as a mask 
so that the plated film, that is, the metal thin film 
deposits also on the transparent conductive film in the 
vertical conducting portion 56 where no transparent 
insulating film is coated. 

Further, since a multiplicity of liquid crystal 
cells are, as described earlier, produced at one time by 
••multi-cell bonding" in a single continuous process, the 
metal thin film deposits in the vertical conducting 
portion 56 on the side of the second glass substrate 54 



5 



as well as on the side of the first glass substrate 53 . 

Fig 18 is a sectional view taken along line X-X in 
Fig 16, and Fig. 19 is a sectional view taken along line 
Y Y in Fig. 18. ITO films 60, 61 are formed on the 
opposed surfaces of the first and second glass substrates 
53 54, respectively. since no transparent insulating 
film is formed on the vertical conducting portion 56 on 
th e first and second glass substrates 53, 54, the plating 
treatment is also performed on portions of the ITO film 
60, 61 of the vertical conducting portion 56 to form 

metal thin films 62. 

Therefore, if the spacers 58 used in the vertical 
conducting portion 56 have the same particle diameter as 
those in portions other than the vertical conducting 
portion 56, the thickness of the seal 52 in the vertical 
conducting portion 56 becomes larger than that in the 
other portions by the combined film thickness 2 X t. of 
both metal films 62 on the opposed surfaces of the first 
and second glass substrates 53, 54, f representing the 
thickness of the metal film 62 . This gives rise to a 
variation of the thickness of the seal 52, leading to 
non-uniform distribution of the thickness of the liquid 
crystal layer, resulting in unevenness in the background 
color during liquid crystal display. 

As described above, the seal 52 is formed by. screen- 
printing in a frame pattern a sealant containing epoxy 
resin as a primary constituent. This gives rise to 
another problem that resin thin films 64 are formed on 
the upper and lower surfaces of the seal 52, and these 
resin thin films 64 act as insulating films, leading to 
conduction failure. That is, as shown in Fig 20 by way 
of example, the first glass substrate 53 has. the ITO film 
61 and metal thin film 62 laminated on the upper surface 
thereof, and the resin thin film 64 is formed on the 
lower surface of the seal 52. A similar resin thin film 



,, is likewise formed on the upper surface of the seal 

Tn ese resin thin films 64 .ay bloc* the electrrcal 
conduction between the ITO films 60, 61 and the 
conductive particle 59. and may lead to conduction 
failure. 

cttmm&PV OF THE TT3VENTION 

It is a first object of the present invention to 

v ide a liquid crystal display device and a method^of 
provide a liquid y & fcQ color 

^facturin, the^e. whrchdo - 

Srr^^S- -ilure. and exhibits improved 



^Lr^ren^rtransparent conductive films UTO 
films) the metal thin films on the transparent 
conTuctive films are considered unnecessary » the 

^^Tplalrnrtreatment is performed, however metal 
thin films necessarily deposit on the transparent 
cendu t ve films in the conducting portion^ because no 
Transparent insulating film has been coated on the 

COn n:?heTrr n hand. in view of the production 
efficiency of liquid crystal display devrces 
considered necessary that l^fd c-ta^cells^^ 

in the prior art. 

Therefore, in view of the present state of 



production technology and operational efficiency, it is 
considered desirable to deal with the problem of color 
unevenness in the background color during liquid, crystal 
display on the assumption that the metal thin films _ 
necessarily deposit on the transparent conductive films. 

Thus, the present inventor has made intensive 
studies in order to provide a liquid crystal display 
device that can achieve the first object on the 
assumption that the metal thin films deposit on the 
transparent conductive films in the conducting portion, 
and as a result, reached the finding that the thickness 
variation of the liquid crystal layer needs to be limited 
to not greater than 0.1 .^ in order to reduce the color 
unevenness to a level as low as possible and hence obtain 
uniform background color. Further, in order 
the thickness variation of the liquid crystal layer to 
not greater than 0.1 /zm, it has been found necessary that 
first spacer members mixed in the conducting portion be 
formed smaller in size than second spacer members mixed 
in other portions of the seal by a predetermined value X 
so as to reduce the thickness of the seal and thereby 
ma ke the thickness distribution of the liquid crystal 
layer generally uniform. 

The present invention is based on the above 
described finding. Thus, a liquid crystal display device 
according to the present invention includes a fxrst 
transparent substrate having a first transparent 
conductive film formed on a surface thereof, a second 
transparent substrate having a second transparent 
conductive film formed on a surface thereof opposed to 
the first transparent conductive film, liquid crystal 
sandwiched between the first transparent substrate and 
the second transparent substrate, a seal encapsulating 
the liquid crystal in an airtight manner, and a driving 
circuit, the seal including a conducting portion 
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(conducting seal portion) disposed so as to electrically 
interconnect the first transparent conductive film and 
the second transparent conductive film, the first and 
second transparent conductive films having metal thxn 
films deposited on respective predetermined surface 
portions thereof including the conducting portion, the 
driving circuit being connected to the metal thin films, 
for carrying out liquid crystal display control. 

The liquid crystal display device according to the 
present invention is characterized by an improvement 
comprising a plurality of spacer members mixed and 
generally evenly dispersed in the seal, for controlling 
the thickness of the seal, the plurality of spacer 
m embers comprising first spacer members mixed xn the 
conducting portion, and second spacer members mixed xn 
portions of the seal other than the conducting portxon, 
the first spacer members having a particle diameter 
smaller than that of the second spacer members by a 
predetermined value X. 

With the above described construction, the fxrst 
spacer members mixed in the conducting portion have a 
diameter smaller than that of the second spacer members 
mixed in a portion of the seal other than the . conducting 
portion- by the predetermined value X. As a result, even 
if metal thin films are deposited on the transparent 
conductive films, the thickness of the seal at the 
conducting portion can be kept small, and the thickness 
distribution of the liquid crystal layer can be made 

generally uniform. 

Further, it has been found by the present xnventor 
as a result of further intensive studies that the 
predetermined value X is dependent upon the film 
thickness of the metal thin films. Specifically, xt has 
been found that by setting the predetermined value X xn t 
range of (2t + 0.5) to (2t - 0.6) the thickness of 



th e seal can be made generally uniform so that color 
Evenness of the ground color during ligurd crystal 

^rs^e present—on is also characterised in 

-a ,™iue X is set in a range of (2t + 

tz zznm resents *. — - 

-r^'after intensive studies to provide a liguid 
crys rXiay device that can achieve the second object 
"the present —s^- -n ^ ^ _ 

atoiroyloUn HTltiplicity of protrusions 
Tthl metal thin f li-; that have a height e-eedrng the 

' ^^vness of the resin thin film. 

fllm o ^ ^^^^ 

the preset invention is characterised in that, besides a 
Llilicity of conductive — J 

Pr0t ^r°thlr it has been found fro. the studies 

ft the present inventor that the film thrckness 

:rr: s" s/sl «-* - - r er 

Therefore, the peaK nexgi , hi 

at .east larger than the ^ 
£i lms. On the * - . rf «- P ^ che 

P "" US1 ° nS f the setr Further, if the number of the 
thickness of the seal. ru 

^ i »m2 is too small, that is, it tiie 
protrusions per 1 /tm is t 

„ . fc <= nrotmsions is too small, tne 

nOTto er densrty of the protr _ ^ come 

conductive members and the pro 
into contact with each otner . 



is too large, adjoining protrusions may be merged 
together. Thus, there seems to be an optimum range in 
ch e pea* height and the number density of protrusions 

It has been found from various experiments conducted 
bY the present inventor that by setting the peak height 
ny tne P of 0.05 to 0.50 ^m. and the 

of the protrusions in a range or u. r 

number density in a range of 0.1 to 0.5 pc./„m*. _ 
Respectively, the protrusions and the conductive members 
never fail to come into contact with each other, and 
conductive connection between the first and the second 
transparent conductive films can be reliably -cured 

Thus, a liquid crystal display device according to 
the present invention is further characterized in that 
tne pea* height of the protrusions is set in a range of 
0 OS to 0.50 ^m. and the number density of the 
protrusions is set in a range of 0.1 to 0.5 pc/^ 
P Further, to attain the first object, the present 
invention provides a method of manufacturing a liquid 
crystal display device, which comprises the steps of: 
W " forming first and second transparent conductive 
films of predetermined pattern on opposed surfaces of 
Lst and second transparent substrates, respectively; 

2, forming first and second transparent insulating 
films on portions of the first and second transparent 
conductive films corresponding to a liquid crystal 
display portion, respectively; 

3> performing eXectroless plating using the first 
and second transparent insulating films as a mask to 
cau se an alloy to selectively precipitate on portion of 
the first transparent and second transparent 
films where the first and second transparent insulating 
fiSs are not formed, thereby forming metal thin films on 

f first and second transparent 

the portions of tne tirsu diiu. 

conductive films; 

4) printing a resin which contains second spacer 
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members generally evenly dispersed therein, on one of the 
tot ena second transparent substrates, thereby forming 

a main seal portion; ^ cnaror 

5) printing a resin which contains first spacer 
members generally evenly dispersed therein, the first 
^er members having a particle diameter smaller than 
that of the second spacer members by a predetermined 
value, on the other of the first and second transparent 
Urates, thereby forming a conducting seal portion; 

6) laminating the first and second transparent 
substrates such that the main seal portion and the 
conducting seal portion are aligned with each other to 
form a seal by the main seal portion and the conducting 

seal portion; and 

7) injecting liquid crystal into the seal, and 
breaking the laminated first and second transparent 
substrates into a plurality of liquid crystal cells. 

Further, to attain the second object, the present 
invention provides a method of manufacturing a Irqurd 
crystal display device, which comprises the steps of: 

1) forming first and second transparent conductive 
films of predetermined pattern on opposed surfaces of 
first and second transparent substrates, .respectively; 

2) forming first and second transparent rnsulatxng 
films on portions of the first and second transparent 
conductive films corresponding to a liquid crystal 
display portion, respectively.- 

3) performing electroless Ni-P alloy plating using 
the first and second transparent insulating films as a 
mask to cause a K-P alloy to selectively precipitate on 
Trtions of the first and second transparent conducive 
films where the first and second transparent insulating 
films are not formed, followed by electroless gold 
plating using a predetermined electroless gold platxng 
bath to cause Au to precipitate on a Ni film by 
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substitution reaction with P, thereby forming metal thin 
films with a multiplicity of protrusions having a 
predetermined peak height H and a number density p formed 
on surfaces thereof on the portions of the first and 
second transparent conductive films; 

4) printing a resin which contains second spacer 
members generally evenly dispersed therein, on one of the 
first and second transparent substrates, thereby forming 
a main seal portion; 

5) printing a resin which contains first spacer 
members generally evenly dispersed therein, the first 
spacer members having a particle diameter smaller than 
that of the second, spacer members by a predetermined, 
value, on the other. of the first and second transparent 
substrates, thereby forming a conducting seal portion; 

6) laminating the first and second transparent 
substrates such that the main seal portion and the 
conducting seal, portion are aligned with each other, to 
form a seal by the main seal portion and the conducting 
seal portion; and 

7) injecting liquid crystal into the seal, and 
breaking the laminated first and second transparent 
substrates into a plurality of liquid crystal cells. 

The above and other objects of the invention will 
become more apparent from the following description taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing the construction 
of a liquid crystal display device according to an 
embodiment of the present invention; 

Fig. 2 is a view taken along an arrow A-A in Fig. 1; 

Fig. 3 is a plan view showing a seal; 

Fig. 4 is a top plan view showing a vertical 
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conducting portion and its vicinity; 

Fig. 5 is a sectional view taken along line C-C in 

Fig. 4 ; 

Fig. 6 is a sectional view taken along line D-D in 
Fig . 4 ; 

Fig. 7 is an enlarged sectional view of E portion of 
Fig . 5 ; 

Fig. 8 is a general flowchart showing a method of 
manufacturing a liquid crystal display device according 
to an embodiment of the present invention ; 

Fig. 9 is a flowchart showing a transparent 
conductive film forming process ; 

Fig. 10 is a flowchart showing a transparent 
insulating film coating process; 

Fig. 11 is a flowchart showing a plating process ; 

Fig.. 12 is a flowchart showing an orientation 
process; 

Fig. 13 is a flowchart showing a seal forming 
process ; 

Fig. 14 is a flowchart showing a liquid crystal 
injection and breaking process; 

Fig. 15 is a flowchart showing a polarizer applying 
and driving IC mounting process; 

Fig. 16 is a top plan view schematically showing a 
liquid crystal display device according to the prior art; 

Fig. 17 is a sectional view of an essential part of 

a conventional seal; 

Fig- 18 is a sectional view taken along line X-X in 

Fig. 16; 

Fig. 19 is a sectional view taken along line Y-Y in 

Fig. 18; and 

Fig. 20 is an. enlarged sectional view of an 
essential part of a conventional vertical conducting 
portion. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



The present invention will now be described in 
detail with reference to the drawings showing embodiments 
thereof. 

Referring first to Fig. 1, there is shown the 
construction of a liquid crystal display device according 
to a first embodiment of the present invention. Liquid 
crystal display device according to the present 
embodiment is applied to a STN (Super Twisted Nematic) 
type liquid crystal display device which exhibits high 
contrast. 

In Fig. 1, reference numeral 1 denotes a first glass 
substrate 1 (first transparent substrate) of a 
rectangular shape which is formed of low alkali glass or 
the like. On an upper surface of the first glass 
substrate 1. there is formed a first transparent 
conductive film 2 formed of ITO (ITO film) in a 
predetermined pattern. A first transparent insulating 
film 3 formed of. Si02-Ti02 is laminated on a portion of 
an upper surface of the first transparent conductive, film 
2 corresponding to a liquid crystal display portion. A 
first orientation film 4 formed of polyimide or the like 
is laminated on an upper surface of the first transparent 

insulating film 3 . 

On a portion of the upper surface of the first 
transparent conductive film 2 outside of the liquid 
crystal display portion, there is deposited a metal thin 
film 5 formed of Ni , AU and the like, and a driving IC 6 
is mounted on the metal thin film 5. The driving IC 6 is 
covered with a protective resin 7. 

A second glass substrate (second transparent 
substrate) 8 formed of a similar material to that of the 
first glass substrate 1 is arranged opposite the first 
glass substrate 1, with a second transparent conductive 
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film 9 formed of ITO (ITO film) being formed on a surface 
of trie second glass substrate 8 opposed to the first 
transparent conductive film 2. A second transparent 
insulating film 10 formed of Si02-Ti02 is formed on a 
surface of the second transparent conductive film 9; .and 
a second orientation film 11 formed of polyimide or the 
like is laminated on a surface of the second transparent 
insulating film 10. 

A seal 12 in the form of a frame is sandwiched 
between the first and second glass substrates 1, 8. 
Liquid crystal 13 is injected into the interior of the 
seal 12, the liquid crystal 13 being enclosed by the seal 
12 and the first and the second orientation films 4, 11 
to form a liquid crystal cell therewith. Further, 
polarizing plates 14, 15 are applied to back side 
surfaces of the first and second glass substrates 1, 8, 

respectively. 

In the present embodiment, the first transparent 
conductive film 2 forms segment side display electrodes 
2a and an external electrode 2b, and the second 
transparent conductive film 9 forms common side display 
electrodes. 

Fig. 2 is a view taken along arrow A-A in Fig . 1. 

Seven segment side display electrodes 2a are formed 
on the surface of the first glass substrate .1 by the 
first transparent conductive film 2 patterned in a 
predetermined pattern. A transparent insulating film 3 
of a generally rectangular shape with a cut-out portion 
16 is laminated on the surface of the segment display 
electrodes 2a. The metal thin film 5 is selectively 
deposited using the transparent insulating film 3 as a 
mask on the first transparent conductive film 2. 
Extremely fine connection wiring with a line width not 
greater than 100 /im is formed by the metal thin film 5. 

A vertical conducting portion 17 is provided in a 
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recess formed by the cut-out portion 16, for conductive 
connection between the first transparent conductive film 
2 and the second transparent conductive film 9. , 

As shown in Fig. 3, the seal 12 is divided into a 
conducting seal portion 18, and a main seal portion 19 
other than the conducting seal portion 18, the conducting 
seal portion 18 electrically interconnecting the first" 
transparent conductive film 2 and the second transparent 
conductive film 9 to enable the first and second 
transparent conductive films 2, 9 to be in conductive 
connection with each other. 1 
Fig. 4 is a plan view showing the vertical 
conducting portion 17 and its vicinity. 

The first transparent insulating film 3 is formed, 
under the main seal portion 19, and the first transparent 
conductive film 2 is formed as the segment side display 
electrodes 2a under the first transparent insulating film 
3. The metal thin film 5 is deposited on a portion of the 
first transparent conductive film 2 where the first 
transparent insulating film 3 is not formed. 

On the conducting portion 18 side, on the other 
hand, the metal thin film 5 is formed on the lower 
surface of the second transparent conductive film 9 and 
the upper surface of the first transparent conductive 
film 2, thus providing electrical connection with each 
other through the conducting seal portion 18 sandwiched 
therebetween . 

Fig. 5 is a sectional view taken along line C-C in 
Fig. 4, and Fig. 6 is a sectional view taken along line 
D-D in Fig. 4. 

As described above, the metal thin film 5 is formed 
on the upper surface of the first transparent conductive 
film 2 and on the lower surface of the second transparent 
conductive film 9, the conducting seal portion 18 being 
sandwiched between these metal thin films 5. 
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As shown in Fig. 5, a multiplicity of conductive 
particles 2 0 of Au for providing conductive connection 
between the metal thin films 5 and first spacers (first 
spacer members) 21 for controlling the thickness of the 
seal 12 are mixed in the conducting seal portion 18. 

As shown in Fig. 6, second spacers (second spacer -. 
members) 22 having a particle diameter larger than that 
of the first spacers 21 are mixed and generally evenly 
dispersed in the main seal portion 19. That is, the 
first and second spacers 21, 22 with the particle 
diameter of the first spacers 21 (hereinafter referred to 
as- "the first spacer diameter Dl ") being smaller than 
the particle diameter of the second spacers 22 
(hereinafter referred to as "the second spacer diameter. 
D2 " ) by a predetermined value X ^m are mixed and 
generally evenly dispersed in the conducting seal portion 
18 and the main seal portion 19, respectively. 

More specifically, the predetermined value X is set 
in a range given by the following equation (1) : 

X = {(2t + 0.5) - (2t - 0.6)} (1) 
where t represents the thickness of the metal thin films 
5_ The reason why the predetermined amount X is 

set in the range as given by the equation (1) is as 
follows: 

As described above, the metal thin films 5 are 
formed on the upper surface of the first transparent 
conductive film 2 and on the lower surface of the second 
transparent conductive film 9. Thus, in order to obtain 
the uniform thickness of the liquid crystal layer, that 
is, the seal 12, and thereby avoid the color unevenness 
in the liquid crystal display, it is necessary to make 
the first spacer diameter Dl smaller than the second 
spacer diameter D2 by the predetermined value X. 

The seal 12 is obtained by sticking together, by 
application of heat and pressure, the first and second 
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glass substrates 1, 8. If the predetermined value X 
exceeds (2t + 0.5), the thickness of the conducting seal 
portion 18 will become smaller than that of the ■ main seal 
portion 19 after the first and second glass substrates 1, 
8 are stuck together by application of heat and pressure 
so that it is difficult to obtain generally uniform 
thickness distribution of the liquid crystal layer. 
Conversely, if the predetermined value X is less than (2t 
- 0.6), the thickness of the main seal portion 19 will 
become smaller than that of the conducting portion 18 so 
that it will be again difficult to control the thickness 
of the liquid crystal layer to be generally uniform. 
Thus, if the spacer diameters of the first and the second 
spacer 21, 22 are set outside the range given by the 
equation (1), the thickness variation of the liquid 
crystal layer will exceed 0.1 /im and the uniformity of 
the thickness distribution will be impaired, leading to 
the color unevenness of the background color during 
liquid crystal display. For this reason, the 
predetermined value X has been set in the range of (2t + 
0.5) to (2t - 0.6) M m ' as described above, and 
preferably in a range of (2t +■ 0.4) to (2t - 0.1) //m. 

In the present embodiment, as shown in Fig. 7, each 
metal thin film 5 has a multiplicity of protrusions 24 
formed on a surface thereof. As described earlier, in 
the conventional liquid crystal display device, the seal 
12 contains epoxy resin as a primary constituent. When 
the seal 12 is formed by screen printing, a resin thin 
film is formed on the lower and upper surfaces of the 
seal 12. A resin thin film 23 is thus formed on the 
lower and upper surfaces of the conducting seal portion 
18. The resin thin film 23 may act as an insulating film 
to block the contact between the metal thin film 5 and 
the conductive particles 20, leading to conduction 
failure. 
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For this reason, in the present embodiment, a 
ltiplicity of protrusions 24 are provided on the 
"surface of the metal thin film 5 to avoid occurrence of 
conduction failure between the metal thin film 5 and the 
conductive particles 20. Specifically, the peak height H 
(predetermined height) of the protrusions 24 is set in a 
range of 0.05 to 0.50 ^m, and the number density p of 
the protrusions 24 is set in a range of 0.1 to 0.50 pc . / fx 
m2. 

The reason why the peak height H and the number 
density P are set to the above described values is as 
follows : 

(a) Peak height H of the protrusions 24 
Electrical conduction between the metal thin film 5. 
and the conductive particles 20 can be secured by the 
provision of a multiplicity of protrusions 24. But, the 
thickness of the resin film 23 is about 0.04 ^m, so. that 
if the peak height H is less than 0.05 pm, this might be 
exceeded' by the film thickness of the. resin thin film 23 
and the goal of avoiding the occurrence of conduction 
failure might not be accomplished. On the other hand, if 
the peak height H of the protrusions 24 exceeds 0 . 50 //m, 
the peak height H will become so large that it is 
difficult to control the thickness of the liquid crystal 
layer based on the first spacer members 20. For this 
reason, in the present embodiment, the peak height H 
(predetermined height) of the protrusions 24 has been set 
to the range of 0.05 to 0.50 ^m. 

(b) Number density p of the protrusions 24 
To ensure electrical conduction between the metal 
thin film 5 and the conductive particles 20, the number 
density of the protrusions is also an important factor. 
If the number density p of the protrusions 24 is less 
than 0.1 pc.///mZ, there might be domains where conductive 
particles 20 are only in contact with the resin thin film 
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23 and not in contact with the metal thin film 5, which 
might cause conduction failure. On the other hand, since 
the extension of the protrusions 24 is of the order of 1 
pm. if the number density p exceeds 0.5 pc.//zm2, 
adjoining protrusions 24 might merge and become flat. 

For this reason, the number density p of the protrusions 

24 has been set to the range of 0.1 to 0.5 pc.///m2 in the 
present embodiment . 

Now, the method of manufacturing the above described 
liquid crystal display device will be explained. 

Fig. 8 is a general flowchart showing the 
manufacturing method for the liquid crystal display 
device according to an embodiment of the present 
invention, and Figs-. 9 through 15 are flowcharts showing 
details of individual processes . 

First, in a transparent conductive film forming 
process 30. in Fig. 8, the first and second transparent 
conductive films 2,9 of predetermined patterns are 
formed on the surfaces of the first and second glass 
substrates 1,8. 

More specifically, as shown in Fig. 9, the first and 
second glass substrates 1, 8, each with one of the 
surfaces entirely coated with an ITO film by the well- 
known sputtering method or the like are prepared (step 
30a), followed by a cleaning step 30b to perform cleaning 
operation to remove contamination and dust attached to 
the surfaces of the ITO films. Then, in, patterning step 
30c, the well-known photolithographic technique is used 
to form the first and second ITO films 2,9 having 
predetermined patterns . That is, after resist patterns 
are formed on portions where the ITO films are to be 
formed, etching, treatment is performed with the resist 
patterns as a mask. After the etching treatment, the 
resist is removed to obtain the first and second ITO 
films 2, 9 of the predetermined patterns. 
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Then, in a transparent insulating film forming 
process 31 in Fig. 8, the first and second transparent 
insulating films 3, 10 are formed on the portions of the 
surfaces of the first and the second ITO films 2, 9 
corresponding to the liquid crystal display portion. 

More specifically, as shown in Fig. 10, in printing 
step 31a, a flexographic form having such a shape as to 
prevent the plated metal from adhering to the display 
portion of the liquid crystal display device in a plating 
process described later, is prepared, and a Si-Ti 
alkoxide solution is applied by flexographic printing to 
the surfaces of the first and second ITO films 2, 9. The 
composition of the Si-Ti alkoxide solution is adjusted so 
as. to obtain a ratio of Si02 : Ti02 = 1 : 1 in terms of 
Si02 and Ti02. The printing conditions of the 
flexographic printing and the viscosity of the Si-Ti 
alkoxide solution are adjusted such that the film 
thickness of the transparent insulating films 3, 10 falls 
within a range of 0.05 to 0.08 pm. 

In the following drying step 31b, drying is 
performed on a hot plate heated to 80 X: for 3 to 5 
minutes, followed by an ultraviolet ray (UV) irradiation 
step 31c in which a high pressure mercury lamp or the 
like is used to irradiate an ultraviolet ray of 
wavelength 250 nm. Then, in baking step 3 Id, baking 
treatment is performed at 3 00^ for 30 minutes, to form 
the transparent insulating films 3, 10 of Si02-Ti02 on 
the surfaces of the first and the second electrodes 2, 9. 

Then, in a plating process 32 in Fig. 8, the metal 
thin film 5 is formed by electroless plating on the first 
and second glass substrates 1, 8. 

More specifically, as shown in Fig. 11, after 
degreasing is performed with an alkaline solution in 
cleaning step 32a, neutralization with hydrochloric acid 
is performed in neutralizing step 32b, followed by a 
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catalyst treatment step 32c in which the first and second 
glass substrates 1, 8 are dipped in a Sn-Pd mixture 
solution which is called catalyst, and then rinsed with 
water. In the following accelerator treatment step 3 2d, 
using sulfuric acid, hydrochloric acid or the like as an 
accelerator, the first and second glass substrates 1, 8 
are dipped in an accelerator solution to seed catalytic 
metal nuclei (Pd) on the surfaces to facilitate 
precipitation of the plated metal. Then, in electroless 
Ni-P plating step 32e, electroless Ni-P alloy plating is 
performed using the transparent insulating films 3, 10 as 
a mask, and phosphinate as a reducing agent, to cause a 
Ni-P alloy to precipitate selectively on the portions of 
the ITO films 2, 9 where the transparent insulating films 
3, 10 are not formed. In the following electroless Au 
plating step 32f, Au is caused to precipitate on the Ni 
film by substitution reaction with P using Muden Gold 
(manufactured by Okuno Chemical Industries Co.,. Ltd.) as 
an electroless Au plating bath, thereby depositing the 
metal thin films 5 having a multiplicity of protrusions 
24 formed on the surfaces on the first and the second 
transparent conductive films 2, 9. Finally, in heat 
treatment step 32g, heat treatment is performed at 250*C 
for 30 minutes to increase the adhesion strength of Ni . 

Next, in an orientation treatment process 33 in Fig. 
8. the first and second orientation films 4, 11 are 
applied to the first and second glass substrates 1, 8 for 
orienting liquid crystal molecules in a predetermined 
direction. 

More specifically, as shown in Fig. 12, in cleaning 
step 33a, cleaning treatment is performed under 
predetermined conditions on the first and second glass 
substrates 1, 8 with the metal thin films 5 deposited on 
the first and the second ITO films 2, 9, respectively. 
Then, in orientation film coating step, a polyimide 
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material is applied by flexographic printing to the first 
and second glass substrates 1, 8 to form the first and 
second orientation films 4, 11. In the following baking 
step 33c, baking treatment is performed under 
predetermined conditions. Then, in rubbing treatment 
step -33d, in order to orient liquid crystal molecules in 
a predetermined direction, rubbing treatment is performed 
by rubbing the surfaces of the orientation films 4, 11 in 
the predetermined direction with buff cloth wound around 
a rotating metal roller. 

Next, in a seal forming process 34 in Fig. 8, using 
screen printing, the main seal portion 19 having a liquid 
crystal injection port is formed on the first glass 
substrate 1, and the conducting seal portion 18 is formed 
on the second glass substrate 8. The seal 12 is formed 
by combining the two portions . 

More specifically, as shown in Fig. 13, in main iseal 
portion printing step 34a, a screen form for main seal, 
generally shaped in the form of a frame, is prepared, and 
an epoxy resin containing the second spacers 22 of a 
glass fiber material dispersed generally evenly therein 
is screen-printed on the first glass substrate 1, 
followed by prebaking treatment in prebaking step 3 4b, to 
form the main seal portion 19. Subsequently, in gap 
member spraying step 34c, gap members of a plastic 
material for controlling the thickness of the liquid 
crystal layer are sprayed into the interior of the main 
seal portion 19. 

On the other hand, in conducting seal portion 
printing step 3 4d, a linear screen form for conducting 
seal is prepared, and an epoxy resin containing the first 
spacers 21 having the first spacer diameter Dl which is 
smaller than the second spacer diameter D2 by the 
predetermined value X and the conductive particles 20 of 
Au is screen-printed on the second glass substrate 8, 
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followed by prebaking treatment in prebaking step 34e, to 
form the conducting, seal portion 18 . Subsequently, in 
substrate sticking step 34f, the first glass substrate 1 
and the second glass substrate 8 are stuck together such 
that the main seal portion 19 is flush with the 
conducting seal portion 18. 

Next, in a liquid crystal injection and breaking 
process 35 in Fig . 8, liquid crystal is injected into the 
interior of the seal 12 , and then the glass substrates 1, 
8 with liquid crystal cells formed thereon by the multi- 
cell bonding are broken into individual liquid .crystal 
cells. 

More specifically, as shown in Fig. 14, in hot press 
bonding step 35a, the first and second glass substrates 
1, 8 that are stuck together as described above are press 
bonded together under heat (baked) with a hot press 
heated to a predetermined temperature, followed by a 
scribing step 35b, in which crack lines are scribed in a 
strip pattern with a glass scriber to facilitate the 
injection of liquid crystal through the liquid crystal 
injection port. Then, in primary breaking step 35c, 
breaking is performed along the crack lines to obtain 
strips. in liquid crystal injection step 35d, a liquid 
crystal material is injected through the liquid crystal 
injection port by means of a vacuum injection method, and 
the liquid crystal injection port is subsequently sealed 
with a sealant such as an UV-setting resin or the like. 
Then, in visual inspection- step 35e, visual inspection is 
performed under predetermined conditions to check the 
presence of foreign matters, breaking failure, and the 
like. in the following secondary breaking step 35f , the 
glass substrates 1, 8 are broken in a direction 
. perpendicular to the crack lines along which the breaking 
was performed in the primary breaking step 35c, to obtain 
a multiplicity of liquid crystal cells. 
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Next, in a polarizer-applying and driving IC- 
mounting process 36 in Fig. 8, polarizing plates 14, 15 
are applied to the back surfaces of the glass substrates 
1, 8, and the driving IC 6 is mounted by COG mounting 
onto the first glass substrate 1. 

More specifically, as shown in Fig. 15, in cleaning 
step 3 6a, dust, contamination and the like are cleaned 
off from the surfaces of the substrates, electrode 
terminals, etc. using a predetermined cleaning solution. 
Then, in polarizer applying step 36b, polarizing plates 
containing PVA and iodine are applied to the back 
surfaces of the glass substrates 1, 8 by means of a press 
roller applicator. in driving IC press bonding step 3 6c, 
the driving IC 6 is. press bonded to the first glass 
substrate 1 at a predetermined portion thereof to be 
electrically connected to the metal thin film 5, and then 
in protective resin coating step 36d, a protective resin 
such as silicone resin is applied to the periphery of the 
driving IC 6 for protection thereof. Finally, in display 
inspection step 3 6e, voltage is applied to inspect the 
display of the liquid crystal to complete the manufacture 
of a liquid crystal display device. 

Thus, in the present embodiment, the seal 12 is 
divided into the main seal portion 19 and the conducting 
seal portion 18, and fabricated separately. The spacer 
diameter of the first spacers 21 mixed in the conducting 
seal portion 18 (first spacer diameter Dl) is made 
smaller than the spacer diameter of the second spacers 22 
mixed in the main seal portion 19 (second spacer diameter 
D2) by the predetermined value X.. As a result, it is 
possible for the entire seal 12 to have a uniform 
thickness, thus ensuring a uniform thickness distribution 
of the liquid crystal layer and thereby eliminating the 
color unevenness in the background color during liquid 
crystal display. Besides, a multiplicity of protrusions 
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having a predetermined peak height H and predetermined 
number density p are formed on the surfaces of the metal 
thin films 5 so that conductive connection between the 
first and the second transparent conductive films 2, 9 is 
reliably ensured. It is thus possible to eliminate 
conduction failure, and thereby to provide a liquid 
crystal display device with. improved reliability. 

The present invention is not limited to the above 
described embodiment. For example, while in the above 
described embodiment the main seal portion 19 and the 
conducting seal portion 18 are formed on the first glass 
substrate 1 and the second glass substrate 8, 
respectively, it goes without saying that the main seal 
portion 19 and the conducting seal portion . 18 may be 
formed on the second glass substrate 8 and the first 
glass substrate 1, respectively. 

Now, examples of the present invention will be 
described in detail. 

Example 1 

Ten kinds of liquid crystal cells with the second 
spacer diameter D2 being identical and with only the 
first spacer diameter Dl being varied, were prepared, 500 
specimens each. A display test was carried out on these 
specimens to determine the effect of the difference 
between the first spacer diameter Dl and the second 
spacer . diameter D2 on the liquid crystal display. 

First, a sufficient number of sets, each set 
consisting of two glass plates (the first and second 
glass substrates 1, 8) having a size of 300 mm long, 315 
mm wide and 1 . 1 mm thick, were prepared to obtain in 
total 5000 liquid crystal cells. 

After ITO films were coated by the sputtering method 
on the surfaces of the first and second glass substrates 
1, 8, the ITO films 2, 9 of predetermined patterns having 
a film thickness of 0.03 /im were formed on the first and 
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second glass substrates 1, 8 using the well known 
photolithographic technique as described hereinbefore. 

Then, a f lexographic form having such a shape as to 
prevent the plated metal from adhering to the display 
portion of the liquid crystal display device was 
prepared, and a Si-Ti alkoxide solution was applied by 
f lexographic printing to the surfaces. of the first and 
second ITO films 2, 9. The composition of the Si-Ti 
alkoxide solution was adjusted so as to obtain a ratio of 
Si02 : Ti02 = 1 : 1 in terms of Si02 and Ti02 . The 
printing conditions of the f lexographic printing and the 
viscosity of the Si-Ti alkoxide solution were adjusted so 
as to obtain the transparent insulating films 3, 10 with 
a film thickness of. 0.06 /zm. 

Then, the first and second glass substrates 1, 8 
were dried on a hot plate heated to 8 0^ for 3 to 5 
minutes, and subsequently irradiated with an ultraviolet 
ray of wavelength 250nm using a high pressure mercury 
lamp, followed by baking treatment at 3 00*C for 3 0 
minutes, to form the transparent insulating films 3, 10 
of Si02-Ti02 having a film thickness of 0.06 /im on the. 
surfaces of the first and second ITO films 2, 9 used for 
liquid crystal display. 

The first and second glass substrates 1, 8 with the 
transparent insulating films 3, 10 thus laminated on the 
surfaces thereof were cleaned with a cleaning solution 
for degreasing treatment and the like. An alkaline 
aqueous solution containing 50 g/1 of an alkaline cleaner 
(C-4000 manufactured by C. Uyemura & Co . , Ltd.) was used 
as the cleaning solution. After neutralizing treatment 
was performed using an aqueous hydrochloric solution 
containing 100 ml/1 of hydrochloric acid, the first and 
second glass substrates 1, 8 were dipped in a Sn-Pd 
mixture . solution (catalyst solution) for 1 to 3 minutes. 
An aqueous solution containing 100 ml/1 of SKN-200 
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(manufactured by C. Uyemura & Co., Ltd.) was used as the 
catalyst solution. After completion of the catalyst 
treatment, the first and second glass substrates 1, 8 
were rinsed with water, and then dipped in an accelerator 
solution to seed catalytic metal nuclei (Pd) on the 
surfaces to facilitate precipitation of the plated metal. 
An aqueous solution containing 100 ml/1 of AL-106 
(manufactured by C. Uyemura & Co., Ltd.) was used as the 
accelerator solution. Then, electroless Ni-P plating was 
performed using the transparent insulating films 3, 10 as 
a mask and phosphinate as a reducing agent to selectively 
precipitate a Ni-P alloy on the portions of the ITO films 
2, 9 where the transparent insulating films 3, 10 were 
not formed. NPR4 (manufactured by C. Uyemura & Co. , 
Ltd.) was used as the electroless Ni-P plating bath. 
Then, electroless gold plating was performed using Muden 
Gold (manufactured by Okuno Chemical Industries Co., 
Ltd.) as an electroless gold plating bath to cause 
precipitation of Au on the Ni film by substitution 
reaction with P, thereby depositing the metal thin film 5 
having a multiplicity of protrusions 24 on the ITO films 
2, 9. Then, heat treatment was performed at 250^ for 30 
minutes to increase the adhesion strength of Ni . The 
peak height H and number density p of the protrusions 
were measured with an electron microscope. The peak 
height H was found to be 0.17 fim, and the number density 
p was found to be 0.18 pc./,am 2 . 

Then, ultrasonic cleaning was performed on the first 
and second glass substrates 1, 8 with the metal thin 
films 5 formed on the surfaces thereof, and a polyimide 
material was applied to the first and second glass 
substrates 1, 8 by flexographic printing. After baking 
treatment at 300 *C for 30 minutes, rubbing treatment was 
performed by rubbing the polyimide material-applied 
surfaces in a predetermined direction with buff cloth 
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wound around a rotating metal roller to orient the liquid 
crystal molecules in the predetermined direction to form 
the first and the second orientation films 4, 11 with a 
film thickness of 0.07 ftm. 

An epoxy resin containing second spacers 22 
generally evenly dispersed therein was then screen- 
printed on the first glass substrate 1 and prebaked at' 80 
"C for 30 minutes to form the main seal portion 19 
generally in the form of a frame. Then, gap members were 
sprayed into the interior of the main seal portion 19 to 
control the thickness of the liquid crystal layer. 
Spacers made of glass fiber having the second spacer 
diameter D2 of 6.3 p'm were used as the second spacers 22, 
and plastic gap members having a particle diameter of 6 fi 
m were used as the gap members to make the thickness of 
the liquid crystal layer equal to 6 ^m. 

On the other hand, an epoxy resin containing the 
first spacers 21 with a spacer diameter smaller than the 
second spacer diameter D2 by the predetermined value X 
and conductive particles 20 of Au was screen-printed on 
the second glass substrate 8, and then prebaked at 80t: 
for 3 0 minutes in the prebaking step 34e to form the 
linear conducting seal portion 18. Spacer diameters in a 
range of 4.8 to 6.3 p were used as the first spacer 
diameter Dl . Particles having a diameter larger than the 
first spacer diameter Dl by 0.7 were used as the 
conductive particles 20, and added to the conducting seal 
portion 18 in an amount of 1 weight % . 

Thereafter, the first glass substrate 1 and the 
second glass substrate 8 were stuck together such that 
the main seal portion 19 was flush with the conducting 

seal portion 18. 

Then, the first and second glass substrates 1, 8 
stuck together were press bonded under heat with a hot 
press heated to a temperature of 180 °C. Crack lines were 
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then scribed in a strip pattern on the first and second 
glass substrates 1, 8 with a glass scriber to facilitate 
the injection of liquid crystal. Then, the primary 
breaking was performed to break the integral first and 
second glass substrates along the crack lines into 
strips. An esther-based STN liquid crystal material was 
injected into the interior of the seal 12 through the 
liquid crystal injection port by means of the vacuum 
injection method. The liquid crystal injection port was 
thereafter sealed with a sealant such as a UV-setting 
resin or the like using a dispenser. 

Then, visual inspection was performed to check the 
presence of foreign matters, the presence of breaking 
failure, and the like. Thereafter, secondary breaking 
was performed to break the glass substrates 1, 8 in a 
direction perpendicular to the crack lines along which 
the primary breaking was performed to form a multiplicity 
of liquid crystal cells from the large-sized glass 
substrates (300 mm long, 315 mm wide, and 1.1 mm thick). 

In this way. in Example 1, ten kinds of liquid 
crystal cells differing only in the first spacer diameter 
Dl were prepared, 500 specimens each. 

A display test was carried out by applying a square 
wave voltage of 1.5 V, at a frequency of 1024 Hz, to each 
liquid crystal cell, and visually inspecting for color 
unevenness in the background color during liquid crystal 
display, and the reliability of the liquid crystal cells 

was evaluated . 

Table 1 shows the experimental results . 
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Two kinds of metal thin films, with a film thickness 
t of 0.44 fim and 0.64 fim, were prepared under respective 
different plating conditions. In the case of metal : thin 
films 5 with the film thickness t of 0.44 /im, a Ni layer 
and a Au layer were formed with film thicknesses of 0 . 4 fj. 
m and 0.04^ m, respectively, and in the case of metal 
thin films 5 with the film thickness of 0.64 /zm, a Ni 
layer and a Au layer were formed with film thicknesses of 
0.6 jam and 0.04 fim, respectively. 

In a comparative example 51, a defect ratio rj of 
color unevenness in the background color was as high as 
1.8%. This is considered to be because the first spacer 
diameter Dl of the comparative example 51 was too small, 
so that the thickness of the main seal portion 19 became 
larger than that of the conducting seal portion 18, 
leading to the high probability of color unevenness in 
the background color. 

In the case of comparative examples 52 to 54, the 
difference between the second spacer diameter D2 and the 
first spacer diameter Dl was too small, so that due to 
the film thickness t of the metal thin film 5, the 
thickness of the conducting seal portion 18 became larger 
than that of the main seal portion 19, again leading to 
color unevenness in the background color, and to 
reduction of the yield with a defect ratio not less than 
2 %. 

In contrast, in examples 1 to 4 according to the 
present invention, the predetermined value X (.=^D2^"-_ Dl ) 
was in a range 1.0 to 0.4 /zm, and in exampiefe 5, 6 and 7 
according to the present invention, the predetermined— — 
value X (= D2 - Dl ) was 1 - 2 |am, 0.8 nm and 1 . 2 |am, 
respectively. It can be seen that in all the examples 
the defect ratio 7 was not greater than 1 %, and 
reduction of the yield could be avoided to the maximum 
possible extent. 

As discussed earlier, in order to provide uniform 
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thickness of the liquid crystal layer, it is necessary to 
set the predetermined value X in the range of (2t + 0.5) 
to (2t - 0.6). Thus, when the film thickness t of the 
metal thin film 5 is 0.44 ^m, the predetermined value X 
(= D2 - Dl) should he in a range of 1.38 to 0.28, and 
when the film thickness t of the metal thin film 5 is 
0.64 the predetermined value X (= D2 - Dl) should he 

in a range of 1.78 to 0.68. In all the examples 1 to 7 
according to the present invention, the predetermined 
value X falls in this specified range, and this is 
considered to he the reason why the defect ratio was 
restrained to values of^iO^greater^ than 1% . In 
particular, in the examples 1, 2 and 6 according to the 
present invention, where the. ..predetermined value X was in 
a range of 0.8 to 1.2, no defect was observed, and thus 
it was ascertained that excellent results can be obtained 
with the value X in this range. 
Example 2 

Next, under respective different plating conditions, 
12 kinds of liquid crystal cells, 500 specimens each, 
having metal thin films 5 of different values of peak 
height H and number density p , were prepared, and a 
display test was carried out to determine the effect of 
peak height H and number density p on the quality of 
liquid crystal display. 

Under the same manufacturing conditions as in 
Example 1, a multiplicity of liquid crystal cells Were 
prepared as specimens from large-size glass substrates. 

Spacers to be mixed into the seal 12 were used, 
which had the first spacer diameter Dl of 5 . 5 p. m and the 
second spacer diameter D2 of 6.3 ^m. 

Under the same conditions as in Example 1, a display 
test was carried out by applying a square wave voltage of 
1.5 V, at a frequency of 1024 Hz, to each liquid crystal 
cell, visually inspecting for color unevenness in the 
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background color in the liquid crystal display, and the 
reliability of the liquid crystal cell was evaluated. 
Table 2 shows results of the display test. 
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A comparative example 61 is the case where 
protrusions 24 were not formed, and the defect ratio rj 
was as high as 2.4%. This is considered to be due to the 
fact that as discussed earlier, in the conventional 
liquid crystal display device, the resin thin film 23 
tends to act as an insulating film with high probability. 

A comparative example 62 is the case where 
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protrusions 24 were formed, but the peak height H and the 
number density p were both so small that conduction 
failure can occur between the metal thin film 5 and the 
conductive particles 20, leading to a high defect ratio 

7 • " 

A comparative example 63 and a comparative example 

64 are the cases where the number density p of 

protrusions 24 

were 0.16 to 0.24 pc./^m2 and hence in the range of the 
present invention, but the peak height H was so small 
that the resin thin film 23 can act as an insulating 
film. Thus, the desired conductive connection may 
sometimes fail, and the defect ratio exceeds 1% in both 
cases . 

in comparative examples 65 to 67, although the peak 
height H was 0.0.8 to 0.17 /xm and hence in the range of 
the present invention/the number density p was not 
greater than 0.1 pc./^m2 and so small that the conductive 
particles 20 came into contact only with the resin thin 
film 23 and not with the protrusions 24. This is 
considered to have led to the high defect ratio rj . 

In contrast, in examples 11 to 15 according to the 
present invention, the peak height H of the protrusions 
was in a range of 0.05 to 0.50 ^m, and the number density 
p of the protrusions was in a range of 0 . 1 to 0 . 5 pc . / fi 
m 2, leading to good results with the defect ratio not 
exceeding 0.5% in any case. 

As described above in detail, a liquid crystal 
display device according to the present invention 
includes a plurality of spacer members mixed and 
generally evenly dispersed in the seal to control the 
thickness of the seal, comprising first spacer members 
mixed in the conducting seal portion, and second spacer 
members mixed in portions of the seal other than the 
conducting seal portion, the first spacer members being 
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smaller in diameter than the second spacer members by the 
predetermined value X so that even where metal thin films 
are deposited on the transparent conductive films, the 
thickness of the seal in the conducting seal portion can 
be reduced to provide a generally uniform thickness 
distribution of the liquid crystal layer, thereby 
avoiding color unevenness in the background color during 
liquid crystal display. 

By setting the predetermined value X in the range of 
(2t + 0.5) to (2t - 0.6) (t represents the film thickness 
of the metal thin films) , color unevenness in the 
background color can be reliably avoided, leading to 
improved reliability ' of the liquid crystal display 
device . 

Further, according to the present invention, 
conductive members are mixed in the conducting seal 
portion, and a multiplicity of protrusions are formed on 
the metal thin film. As a result, the first and second 
transparent conductive films are electrically 
interconnected via the conducting members and the metal 
thin film, and even if resin thin films are formed on the 
upper and lower surfaces of the seal, conducting 
connection can be ensured between the conductive members 
and the protrusions, thereby eliminating the occurrence 
of conduction failure . 

By setting the peak height of the protrusions in the 
range of 0.05 to 0.50 M m. and the number density of the 
protrusions in the range of 0 . 1 to 0 . 5 pc . / y. m2 , 
conduction failure between the conductive particles and 
the metal thin film can be reliably avoided, leading to 
improved reliability of the liquid crystal display 
device . 
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1. In a liquid crystal display device including a 
first transparent substrate having a first transparent 
conductive film formed on a surface thereof, a second 
transparent substrate having a second transparent 
conductive film formed on a surface thereof opposed to 
said first transparent conductive film, liquid crystal 
sandwiched between said first transparent substrate and 
said second transparent substrate, a seal encapsulating 
said liquid crystal in an airtight manner, and a driving 
circuit, said seal including a conducting portion 
disposed so as to electrically interconnect said first 
transparent conductive film and said second transparent 
conductive film, said first and second transparent 
conductive films having metal thin films deposited on 
respective predetermined surface portions thereof 
including said conducting portion, said driving circuit 
being connected to said metal thin films, for carrying, 
out liquid crystal display control, 

the improvement comprising a plurality of spacer 
members mixed and generally evenly dispersed in said 
seal, for controlling thickness of said seal, said 
plurality of spacer members comprising first spacer 
members mixed in said conducting portion, and second 
spacer members mixed in portions of said seal other than 
said conducting portion, said first spacer members having 
a particle diameter smaller than that of said second, 
spacer members by a predetermined value x, 

wherein said predetermined value X is set in a 
range of (2t + 0.5) to (2t - 0.6) (Jm, t represents 
thickness of said metal thin films and t is set in a 
range of 0.44 ~ 0.64 |im. 

2. A liquid crystal display device as claimed in 
claim 1, wherein said predetermined value X is set in a 
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range of (2t + 0.4) to (2t - 0.1) /*m. 

3 A liquid crystal display device as claimed m 
claims'' 1 or 2, including a multiplicity of 
conductive members mixed in said conducting portion, and 
wherein said metal thin films have, a multiplicity of 
protrusions formed thereon, said first and second 
transparent conductive films being electrically 
interconnected via said conductive members and said 
protrusions . 

4. A liquid crystal display device as claimed in 
claim 3, wherein said protrusions have a peak height 
thereof set in a range of 0.05 to 0.50 M m, and a number 
density thereof set in a range of 0.1 to 0.5 pc . / M m2 . 

5. A method of manufacturing a liquid crystal 
display device, which comprises the steps of: 

1) forming first and second transparent conductive 
films of predetermined pattern on opposed surfaces of 
first and second transparent substrates, respectively ; 

2) forming first and second transparent insulating 
films on portions of said first and second transparent 
conductive films corresponding to a liquid crystal 
display portion, respectively ; 

3) performing electroless plating using said first 
and second transparent insulating films as a mask to 
cause an alloy to selectively precipitate on portions of 
said first and second transparent conductive films where 
said first and second transparent insulating films are 
not formed, thereby forming metal thin films on the 
portions of said first and second transparent conductive 

films; 

4) printing a resin which contains second spacer 
members generally evenly dispersed therein, on one of 
said first and second transparent substrates, thereby 
forming a main seal portion; 

5) printing a resin which contains first spacer 



.embers generally evenly dispersed therein, said first 
spacer members having a particle diameter smaller than 
that of said second spacer members by a predetermined 
value on the other of said first and second transparent 
substrates, thereby forming a conducting seal portion; 

5 > laminating said first and second transparent 
substrates such that said main seal portion and said 
conducting seal portion are aligned with each other, to 
form a seal by said main seal portion and said conducting 

seal portion; and 

7) injecting liquid crystal into said seal, and 
breaking the laminated first and second transparent 
substrates into a plurality of, liquid crystal cells. 

6 . a method of manufacturing a liquid crystal 

display device, which comprises the steps of: 

1) forming first and second transparent conductive 

films of predetermined pattern on opposed surfaces of 
first and -second transparent substrates, respectively ; 

2) forming first and second transparent insulating 
films on portions of said first transparent conductive 
film and said second transparent conductive film 
corresponding to a liquid crystal display portion, 

respectively; 

3) performing electroless Ni-P alloy plating using 
said first and second transparent insulating films as a 
mask to cause a NI-P alloy to selectively precipitate on 
portions of said first and second transparent conductive 
films where said first, and second transparent insulating 
films are not formed, followed by electroless gold 
plating using a predetermined electroless gold plating 
bath to cause Au to precipitate on a Ni film by 
substitution reaction with P, thereby forming metal thin 
films with a multiplicity of protrusions having a 
predetermined peak height H and a number density p formed 
on surfaces thereof on the portions of said first and 



A 

second transparent conductive films; 

4) printing a resin which contains second. spacer 
members generally evenly dispersed therein, on one of 
said first and second transparent substrates, thereby 
forming a main seal portion; 

5) printing a resin which contains first spacer 
members .generally evenly dispersed therein, said first 
spacer members having a particle diameter smaller than 
that of said second spacer members by a predetermined 
value, on the other of said first and second transparent 
substrates, thereby forming a conducting seal portion; 

6) laminating said first and second transparent 
substrates such that said main seal portion and said 
conducting seal portion are aligned with each other, to 
form a seal by said main seal portion and said conducting 
seal portion; and 

7) injecting liquid crystal into said seal, and 
breaking the laminated first and second transparent 
substrates into a plurality of liquid crystal cells. 
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